Introduction
Tentorial dural arteriovenous fistulas (DAVFs) make up approximately 4%-8% of all intracranial DAVFs. 1, 2 They are universally associated with retrograde leptomeningeal drainage and present with an aggressive clinical course in 79% of patients. 3, 4 Therefore, surgical or endovascular intervention is recommended even for asymptomatic tentorial DAVFs. 2, [4] [5] [6] [7] With recent advances in endovascular technology, patients with tentorial DAVFs are increasingly treated endovascularly with a high rate of good neurologic outcomes. 5, 8 Onyx (Medtronic Co., Dublin, Ireland) is a liquid embolic agent that offers increased controllability and deep fistula penetration due to its lower viscosity and delayed precipitation compared with other embolic agents. Endovascular treatment of DAVFs with Onyx is typically performed via a transarterial approach with the aim of obliterating the fistula to prohibit abnormal venous outflow. 9, 10 Although several studies have reported that the treatment of tentorial DVAFs by intracranial arterial injection of Onyx is safe and effective, 5, 7, [9] [10] [11] [12] [13] [14] [15] [16] little is known about the potential for severe hemorrhagic complications after this treatment.
Here, we report the case of a tentorial DAVF treated by transarterial Onyx embolization complicated by a severe intracranial hemorrhage immediately after the procedure. We investigated the relationship between subdural DAVF extension and post-embolization hemorrhage using our intraoperative findings and the histopathological examination.
Case report
A 40-year-old man presented with an asymptomatic DAVF discovered incidentally during a magnetic resonance imaging examination. Digital subtraction angiography (DSA) showed that the lesion was fed by the posterior branches of the right middle meningeal artery (MMA), mastoid branches of the right occipital artery, and a pial branch arising from the right posterior cerebral artery (PCA) that runs laterally along the tentorium cerebelli. The DAVF drained exclusively into ectatic supratentorial cortical veins ( Figure 1 ). Crosssectional images revealed that it was located laterally to the point where the tentorium joined the dura of the right middle cranial fossa ( Figure 2 ).
The endovascular procedure was performed under general anesthesia and systemic heparinization. A Marathon microcatheter was advanced into the petrosquamous branch of the MMA (Figure 3 ). Onyx 18 was injected according to the plug-creating technique until it opacified the proximal portion of the draining vein. The microcatheter was withdrawn without complications. Systemic heparinization was reversed by the administration of protamine sulfate.
DSA performed immediately after the procedure demonstrated the complete disappearance of the tentorial DAVF (Figure 3 ). Stagnation of the contrast was seen in the pial feeding artery from the right PCA. However, the patient exhibited impaired consciousness and left hemiparesis when waking from the anesthesia. A computed tomography scan revealed an acute subdural hematoma with temporal hemorrhage in the right side ( Figure 3 ). We performed an emergency craniotomy and found continuous arterial bleeding from a viable glomus-like vascular structure around the proximal part of the embolized draining vein and the tentorium, fed by a pial artery arising from the PCA (Figure 4 ). The hematoma was evacuated, the patent pial feeding artery was coagulated and cut, and the viable abnormal vascular structure was resected. Histological findings suggested diagnosis of vascular malformation extending into the subdural space ( Figure 5 ).
The patient's postoperative course was favorable, and he showed clinical improvement. He was discharged home with quadrantanopsia and mild left-side agnosia (Glasgow Outcome Scale score of 4). DSA performed six months postoperatively again demonstrated the complete resolution of the tentorial DAVF.
Discussion
This case demonstrates the risk of curative endovascular treatment using Onyx for tentorial DAVFs. The tentorial DAVF in our case was complicated not only by arteriovenous shunts in the dural leaflet but by glomus-like angioarchitecture around the subdural drainage vein and a hypervascularized tentorium with a pial arterial supply. We attempted transarterial Onyx embolization of both the fistula itself and the proximal draining vein. Although the postoperative angiogram showed the fistula had disappeared, the residual glomus-like vascular malformation produced continuous arterial bleeding. These findings highlight that 
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Interventional Neuroradiology 23 (3) subdural extension of a tentorial DAVF is possible. Further, this case illustrates the need for extreme caution when planning treatment for a DAVF accompanied by additional angioarchitectural defects, especially when a pial arterial supply is also present. Intracranial DAVFs have been defined as abnormal connections between feeding arteries and a dural venous sinus or leptomeningeal vein, with the point of fistulization located within the dural leaflets. It is important to distinguish between DAVFs that drain directly into a dural sinus and those with leptomeningeal venous drainage because the latter are not protected by a dural envelope. 17 In some tentorial DAVFs, especially those with high arteriovenous shunt flow, the exact site of the fistula is not always apparent because there are a variety of fine dural arteries and the tentorium is hypervascularized. 17 Venous hypertension around the fistula may promote the growth of microscopic arteriovenous shunts, which are found within the vasa vasorum of normal pachymeninges. 18 Furthermore, although most of the feeding arteries are thought to be dural arteries, tentorial DAVFs may still be fed by pial arteries. 2, 19 DAVFs with pial arterial supply, also called mixed or acquired pial-dural arteriovenous fistula by some investigators, have rarely been reported. 20, 21 Their etiology and pathogenesis are unclear, but treatment with simple venous outflow disconnection may be insufficient and risky. Additional procedures, including the obliteration and removal of the subdural component or the individual catheterization and occlusion of pial feeding arteries, may be required for the treatment of this type of DAVF. 19, 21 Serious complications related to the Onyx embolization of DAVFs are infrequent and occur almost exclusively in those with leptomeningeal drainage. 11, 14 These complications include intracranial hemorrhage, which has been reported in cases with complete obliteration of DVAFs. 7, 9 Intracranial hematoma immediately after curative endovascular treatment usually occurs near the fistulous site rather than distal to the occluded draining veins or the previously ruptured venous varix. 2, 7, 9, 19 These hemorrhagic complications may be secondary to the restriction of venous outflow, which is similar to the mechanism of hemorrhage during the procedure for cerebral arteriovenous malformations. In our case, high arteriovenous shunt flow and the complex angioarchitecture of the DAVF may have made the retrograde filling of pial feeding arteries and the subdural component of the DAVF impossible, resulting in hemorrhage. Staged embolization or surgical fistula disconnection combined with embolization may be safer than a complete single-session Onyx embolization. At a minimum, major pial feeding arteries, and if possible the entire pial network, should be obliterated before performing curative embolization.
Conclusion
Tentorial DAVFs can extend to the subdural space along their drainage route. Those with pial arterial supply may be involved in hemorrhagic complications 
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Interventional Neuroradiology 23 (3) of curative endovascular treatment using Onyx. A precise understanding of the angioarchitecture and shunt flow dynamics may be required for the safe and effective treatment of DAVFs. 
